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(57) ABSTRACT 
A biometrics system captures and processes a handprint 
image using a structured light illumination to create a 2D 
representation equivalent of a rolled inked handprint. The 
biometrics system includes an enclosure With a scan volume 
for placement of the hand. A reference plane With a backdrop 
pattern forms one side of the scan volume. The backdrop 
pattern is preferably a random noise pattern and the coordi 
nates of the backdrop pattern are predetermined at system 
provisioning. The biometrics system further includes at least 
one projection unit for projecting a structured light pattern 
onto a hand positioned in the scan volume on or in front of the 
backdrop pattern and at least tWo cameras for capturing a 
plurality of images of the hand, Wherein each of the plurality 
of images includes at least a portion of the hand and the 
backdrop pattern. A processing unit calculates 3D coordi 
nates of the hand from the plurality of images using the 
predetermined coordinates of the backdrop pattern to align 
the plurality of images and mapping the 3D coordinates to a 
2D ?at surface to create a 2D representation equivalent of a 
rolled inked handprint. The processing unit can also adjust 
calibration parameters for each hand scan from calculating 
coordinates of the portion of backdrop pattern in the at least 
one image and comparing With the predetermined coordi 
nates of the backdrop pattern. 
18 Claims, 21 Drawing Sheets 
5 r ., 
OBJECT 
SURFACE 
16*" x 
|_ > 
REFERENCE 
PLANE 
US. Patent Jul. 17, 2012 Sheet 1 0121 US 8,224,064 B1 
OBJECT 
SURFACE 
\ 6 1 
A ////////// /B
CAM ERA 
Image 
Processing 
Device 
P 
PROJECTOR 
I Processing Unit |—| 
\ 
\ 
M M HDI 
US. Patent Jul. 17, 2012 Sheet 2 0f 21 US 8,224,064 B1 
,100 
10o<,\\ R 1 16 / 1 18b 
114\ ” 11:34“ \ mi?m ,?nsu 
Small Foot Print c“ \ . / 
.LCD PC or Processor D|sp|uy 
/’\106 
,?12O 
H?nd Port # Soon Volume’ \ ’ |:' 
102 ‘L102 
110\?? \ 
Cameras \ "*110 110 # E 
Flush Projector t V412 120\\ 
FIG. 2a V122 
FIG. 2 b 
,100 
L) 
f 
#114 ’ "wimp ‘ FF,‘ 
:| LCD Flat Screen //116 k j 
//120 ’ \4140 »114b 
Ethernet Desk TOP 116 
‘ V or // 
108, LOP Top Left Right 
iIQ“ Hund Pg>6t2 Opening PC Port Port 
116 
I, I \SKIIAdJUStONG Helght @1040 \104b 
\ \122 
122 |‘—| 122 
FIG. 3 
US. Patent Jul. 17, 2012 Sheet 3 0121 US 8,224,064 B1 
:5... " 2. J.  L" 
21%. ,w... -1A
11.1, 1.1. a 
.... /5
,T .m?wu
....."...........§w". aw1  ... 2-... ~ w... ._f..-__.R??nfi 
FIG. 
FIG. 5b 
US. Patent Jul. 17, 2012 Sheet 4 0121 US 8,224,064 B1 
Initiation of /i 202 /200 
Biometrics / / 
System 
II 
Insertion 
of 
Hand 
II 
Initiate 
Preview 
Mode 
II ’ 
Capture // 208 
> Preview Images = 
and Display 
/~ 204 
/ 
Provide Instructions 
to Correct Position 
Provide Instructions 
to 
Hold Hand Position 
II 
Capture 
Images 
214 
,,¢ 216 
K220 //222 
Provide Instructions 
for Another Scan 
Process 
Images 
US. Patent Jul. 17, 2012 Sheet 5 0121 US 8,224,064 B1 
106” 
US. Patent Jul. 17, 2012 Sheet 6 0121 US 8,224,064 B1 
US. Patent Jul. 17, 2012 Sheet 7 0121 US 8,224,064 B1 
Pattern 
. Flasher .:_, 
106/ 
U S. Patent Jul. 17, 2012 Sheet 8 0121 US 8,224,064 B1 
US. Patent Jul. 17, 2012 Sheet 9 0121 US 8,224,064 B1 
OOOG mm AUV V\/
FIG. 9b 
US. Patent Jul. 17, 2012 Sheet 10 0f 21 US 8,224,064 B1 
7/21 6 [/21 6 
/> [3 
Projector Projects ff Projector Projects /f 
= Structured / 400 = Structured / IIO 
Light Pattern Light Pattern 
II II 
One or More i One or More i 
Camera(s) // 402 Camera(s) / “2 
Capture Image Capture Image 
End 418 
Image Capture 
FIG. 10b 
US. Patent Jul. 17, 2012 Sheet 11 0121 US 8,224,064 B1 
500 \ 
V 
Comero < 
M10 
Scanning Process with 
Dual Frequency PMP 
US. Patent Jul. 17, 2012 Sheet 12 0f 21 US 8,224,064 B1 
FIG. 11b 
US. Patent Jul. 17, 2012 Sheet 13 0f 21 US 8,224,064 B1 
520 
,5 
cgmel 'ntez‘srq 
Color 3 ‘ \ 532 
530 / 0 
1 
Color 2 ‘ \ 528 
526 / o 
1 
Color 1 ‘ \ 524 
522 / —> 0 _» 
YP YP 
Projection Puttern 1 Projection Pattern 2 
FIG. 11c 
US. Patent Jul. 17, 2012 Sheet 14 0f 21 US 8,224,064 B1 
£540 
Color . 
Channel lntez'slty 
Color 3 ‘ \_ 532 
530 
0 
1 
Color 2 ‘ \ 528 
526 
0 
| 1 | 
l l 
Color 1 | | 536 
l l 
5“ _'. 0 _' 
Yp 1 period Yp 1 period 
Projection Pattern 1 Projection Pattern 2 
Single Binary Pattern in the Blue Channel because of Human Skin 
FIG. 1 1d 
US. Patent Jul. 17, 2012 Sheet 15 0121 US 8,224,064 B1 
Crop Images into Desired Partitions x702 
/ 700 
I //> 
Update Calibration Parameters ¥704 
I 
Determine Albedo Value at Desired Pixels V706 
l 
Determine 3D Coordinates for Each Desired Pixel \v708 
l 
Merge Overlapping Partitions V710 
l 
Correct Any Misalignments L712 
l 
Extract Detailed Handprint Surface 
Information Including Ridge Height 
l 
Map 3D model of Handprint to 2D Flat Surface >716 
l 
Encode 2D Images into Grey Scale \ 718 
I 
Render 2D Image Files into Specified Formats H720 
FIG. 12 
US. Patent Jul. 17, 2012 Sheet 16 0f 21 US 8,224,064 B1 
604\ /606 
602 \ / 608 600 4 
/ 
7610 
FIG. 13 
US. Patent Jul. 17, 2012 Sheet 17 0121 US 8,224,064 B1 
800 
For each partition, generate smooth 
or average handprint surface that \{802 
approximates handprint shape 
Extract detailed handprint surface 
information including ridge height @804 
and shape 
l 
Generate mesh of nodal points from 
set of smooth handprint surface \J805 
points 
l 
Project mesh of nodal points onto 
2D flat surface \J808 
l 
iteratively expand mesh of nodal 
points until total energy is minimized\{8l0 
and 2D mesh is obtained 
l 
Assign extracted detailed handprint 
surface information onto nodal points\?812 
in 2D mesh 
l 
Sample along a grid lattice @814 
FIG. 14a 
US. Patent Jul. 17, 2012 Sheet 18 0f 21 US 8,224,064 B1 
820 
FIG. 14b 
US. Patent Jul. 17, 2012 Sheet 19 0f 21 US 8,224,064 B1 
/ 830 
DQQQGQDGO) 
VUQ 
O 
U. 
a. Us 0 
FIG. 14c 













